The relationship between toxicity and soil contamination must be understood to develop reliable indicators of environmental restoration for bioremediation. Two bacterial rapid bioassays: SOS chromotest and umu-test with and without metabolic activation (S-9 mixture) were used to evaluate genotoxicity of petroleum hydrocarbon-contaminated soil following bioremediation treatment. The soil was taken from an engineered biopile at the Czor Polish oil refinery. The bioremediation process in the biopile lasted 4 years, and the toxicity measurements were done after this treatment. Carcinogens detected in the soil, polyaromatic hydrocarbons (PAHs), were reduced to low concentrations (2 mg/kg dry wt) by the bioremediation process. Genotoxicity was not observed for soils tested with and without metabolic activation by a liver homogenate (S-9 mixture). However, umu-test was more sensitive than SOS-chromotest in the analysis of petroleum hydrocarbon-bioremediated soil.
Introduction
The success of bioremediation is determined by the metabolic potential of microorganisms to detoxify/utilize organic contaminants or mineralize them to CO 2 , H 2 O and biomass. The process is highly dependent on biodegradability and bioavailability of contaminants as well as environmental parameters including pH, temperature, and nutrient availability (ref) . Bioremediation is an attractive, environmentally friendly, and relatively cost-effective alternative to conventional physicochemical soil and water treatment techniques (Bouwer et al., 1994; Barthe, 1986) . There are a variety of in situ and ex situ bioremediation approaches, including biopiling, bioreactors, bioventing, biosparging and landfarming that can be applied to optimize biodegradation (Brigmon et al. 2002 , Hazen, 1997 Bouwer et al., 1994) .
Considering different existing bioremediation strategies and characteristics of the lagoon materials at the Czechowice-Dziedzice refinery, the ex situ/on site bioremediation in biopile was selected to clean-up soil heavily contaminated with petroleum waste (Plaza et al, 2003) . As a result of bioremediation no secondary waste stream is created, contaminants are safely treated in situ therefore minimizing handling and associated health hazards, and the reuse of the previously contaminated site without restriction is possible.
A number of rapid test systems to detect environmental carcinogens have been devised for soil and water analyses. The umu-test and SOS chromotest have been widely employed for soil testing with successful results (Reifferscheid et al. 1991 . In this project genotoxicity assessment of remediated hydrocarbon-contaminated soil was performed with the SOS-chromotest and umu-tests.
Materials and methods

Field description
WSRC-MS-2004-00693
More than a century of sulphuric acid-based oil refining process by the CZOR refinery and associated waste disposal has produced an estimated 120,000 tons of acidic, highly layers. The soil sampling locations in the biopile are presented in Figure 1 .
Characterization of soil samples
Each soil sample was examined for the following physicochemical parameters: TPH - Nannipieri (1996) . This method is based on the use of TTC (triphenyltetrazolium chloride)) as an artificial electron acceptor.
Extraction of soil samples
All soil samples from each location were mixed and split for the two bioassays. The remediated soil extraction procedure was performed as described by McDaniel et al. (1993) .
Five grams of soil was extracted for 16 h in a Soxhlet extractor with methylene chloride. A rotary evaporator was then used to reduce the extract volume to 5 ml. One ml of DMSO (dimethyl sulfoxide)) was then added and the resultant mixture evaporated under reduced pressure to 1 ml. The exchange solvent -DMSO was selected as it is not toxic and genotoxic to the bacteria tested.
Genotoxicity bioassays
The SOS-chromotest with Escherichia coli PQ37 was performed on the soils in 20 ml sterile glass test tubes with and without S9 metabolic activation, according to a modified method described by Quillardet and Hofnung (1985) . Umu test with Salmonella typhimurium TA1535/pSK1002 was carried out on the soils according to the method of Oda et al. (1985) .
The incubation mixture consisted of 5, 10 µl (SOS) or 20, 30 µl (umu) extracts, log-phase bacterial culture and S9 mix containing 4% of S9. These bioassay results can be influenced by sample color so two different procedures were applied to eliminate this bias. In case of the umu test the bacterial suspension was diluted 10-fold with the fresh medium after 2 h of exposure, followed by an additional incubation period of 2 h. In the SOS-chromotest the bacterial suspension was centrifuged and rinsed twice with fresh medium. All soil samples were tested in triplicate.
Results
Results of soil physical-chemical analyses of the biopile soil used in these bioassays are presented in The results of genotoxicity tests with and without metabolic activation are presented in Table 3 . The sample is considered genotoxic if β-galactosidase induction coefficient is higher than 1. 
Discussion
A biopile is a relatively simple and low maintenance operation 
